Qualitative and quantitative dietary patterns were studied as indicators of seasonal changes in household food security in north-western Benin. These studies were carried out at both the individual level (women) and the intra-household level (husbands, wives, children 2-5 years old). Dietary changes between the intermediate period (April) and the pro-harvest period (August) included increased consumption of pulses and tubers, which compensated for a decrease in cereal consumption, and increased consumption of gifts, purchased foods, and wild foods as distinguished from foods from the household's own production. The adequacy of children's energy and protein intakes increased in the pre-harvest season, whereas those of the parents decreased Children and adults had same patterns with regard to the contribution of different food groups, except that children ate more pulses and less tubers than their parents in the pre-harvest season.
Introduction
In many developing countries, especially in Africa, farmers depend mainly on their own production for their food supply. In unimodal climates this means that crops grown in one short rainy season yield the yearly supply of food. As a consequence, food availability is not constant throughout the year, and farmers often experience a food-insecure period just before the new harvest. Seasonal fluctuations in food availability and household responses to this insecurity can influence individual consumption patterns.
In studies of household food insecurity, qualitative and quantitative dietary changes are useful indicators [1] . Qualitative changes look at shifts in the use of different food sources such as wild or unconventional foods instead of those produced at home. Quantitative changes consider actual contributions to energy and protein intake. Shifts from preferred items to those of lower status and unconventional foods are normal in areas of food deficit, but may also indicate anticipated stress [2] .
Most studies that report on seasonal adaptations of food patterns present data at the household level, whether qualitative or quantitative [3] [4] [5] [6] [7] [8] [9] [10] , and only some provide individual quantitative data on seasonal adaptations in consumption patterns [11, 12] . Seasonal reductions in food availability may not influence all members of the households equally. Findings from studies concerned with intro-household food distribution are not conclusive. Some cross-sectional studies have found an advantageous food allocation for adult males or boys over females [11, 13, 14] ; some have found no difference in nutrient adequacy for different age groups [15] . Some studies have found that children are protected from seasonal food shortages [12, 16] ; others have not [17] .
To analyse how seasonal food insecurity and responses to it influence individual food-consumption patterns, we studied seasonal changes in the contributions of different food groups and food sources to the energy and protein intake of women, as well as in intra-household food distribution among husbands, wives, and children 2-5 years old.
Study area
The study was conducted in the commune of Manta in north-western Benin. A unimodal climate ensures seasonal fluctuations in food availability. Annual rainfall is 1,300 mm, concentrated between May and September. The region is part of the Guinean-Sudanian savannah with scattered trees. Tree crops with an economical or nutritional value are provided by the baobab (Adansonia digitata), shea tree (Butyrospermum parkii), African locust (Parkia biglobosa), and mango (Mangifera indica).
The main ethnic group, the Otammari, are chiefly subsistence farmers. The main food crops are sorghum (Sorgho spp.), millet (Pennisetum spp.), and fonio (Digitata exilis), but beans (Vigna spp.), bambara groundnuts (Voanzeia subterranea), and rice (Oryza sativa) are cultivated as well. Groundnuts (Arachis hypogea) are cultivated only as a cash crop. Home garden products include, among others, okra (Hibiscus esculentus), red peppers, and pumpkins.
Crops are dried and stored in mud granaries. At the end of the rainy season (August) stocks may become depleted; this "hungry" pro-harvest season ends with the harvest of fonio in September and October. Early varieties of maize, millet, and beans may be harvested in small quantities in July and August. The other crops are harvested between October and December. January to April, the season with limited agricultural activities, is marked by many festivities and relatively high food availability. In August 1990 and 1991 respectively, 15% and 18% of households had cereal stocks of 24 x 10³ kcal (which equals about 10 days' energy requirement for one adult) or lower. In November 1991 the percentage of households with less than 24 x 10³ kcal in stock increased to 41% because of the failure of the fonio harvest and the depletion of the old cereal stocks.
Producing staple foods is the work of both men and women, but women take care of processing, preparing, and distributing foods as well as gathering wild foods. The average daily diet is two or three meals consisting of a thick porridge (pâte) of sorghum or millet flour served with a relish of green leafy vegetables or okra and condiments. Eating groups are formed, with individuals sharing one calabash of pate and one bowl of relish. Women eat with their younger children, and men eat together with their older sons.
Materials and methods

Subjects
The subjects for the studies reported here were subgroups of a larger sample of 214 households selected for a longitudinal body-weight study, described elsewhere [18] , from the total population of five villages (about 4,000 inhabitants) in the commune of Manta on the basis of criteria of participation in subsistence farming and permanent residence in the study area.
Women's food consumption
From the 214 households, 45 women were randomly selected to participate in the food-consumption study. The selection criteria were being 18-45 years old, nonpregnant, and non-lactating. Data were collected on four occasions: pro-harvest season (July-August) 1990, harvest season (mid-November-December) 1990, intermediate season (March-April) 1991, and proharvest season 1991. A full data set for the four seasons was obtained for 27 of these women. Reasons for being discontinued were pregnancy and low compliance with the food-source records in the first season.
Intra-household food distribution
In addition, an intro-household food distribution study was carried out on 26 households, also randomly selected from the 214 households. The characteristics of these households were monogamy and having at least one child between two and five years of age. Food-consumption was recorded during the intermediate season (March-April) 1991, when food was still sufficiently available, and the pro-harvest season (July-August) 1991, when food stocks were becoming depleted. One household dropped out; a full data set was obtained for 25 households.
Methods
Women's food consumption
The observed weighed record method [19] was used to measure food-consumption on four consecutive days, reflecting the local market cycle. All raw ingredients, prepared dishes, portions served to the women, and left-avers were weighed. The women were asked to serve individual portions for themselves instead of sharing the portion of their eating group. An assistant followed each woman during the day, carrying weighing scales with her in case the woman ate anything when she left the house. Scales with a capacity up to 2 kg were used for ingredients, portions, and left-avers, and scales up to 10 kg for prepared dishes. The source of each ingredienti.e., whether it was provided by her own household's production (stock or field), purchased, a gift, or came from wild resources-was recorded.
The ingredients were classified after recording in food groups: cereals and tubers, meat and fish, pulses, vegetables and fruits, fats and oils, nuts, beer (mentioned separately because of presumed high intake), locust-pod flour (mentioned separately because it was expected to be important in the hungry season), and condiments. Tubers were not treated as a separate food group because data from another sub-study of the same research programme showed that they are consumed by only 7% of the households during the harvest season and rarely during other seasons. The energy and protein contributions of different food groups and food sources to total intake were calculated using food-composition tables [20, 21] .
(The protein quality of the habitual diet was estimated at 85% digestibility. The adequacy of protein intake was therefore determined as 85% of the calculated protein intake divided by the protein requirement.)
Intra-household food distribution
Only meals prepared and consumed at home were considered for the intra-household food-distribution study. For these meals all raw ingredients and prepared dishes were measured. The women were asked to serve each participant his or her individual portion instead of sharing the portion with their eating group. The portions served to the husband, wife, and children were weighed, as were leftovers. Snacks or foods prepared and consumed outside the household were not considered, since the foci of this study were distribution patterns at the household level and the contribution of household resources. Energy and protein intake as well as the contributions of different food groups to the measured intake were calculated with the help of food-composition tables. Tubers were considered as a separate group here.
Data analysis and statistics
All data were analysed by means of SPSS-PC 4.0 software [22] .
Women's food consumption
Food intake was averaged over the four measurement days. For five women, an average of three measurement days was used for the first period because the records for one of the days were not valid due to mistakes on the forms. The relative contributions of certain food groups and food sources to total energy and protein intake were compared between the seasons using Friedman two-way analysis of variance for non-parametric data [23] . When the chi-square value was significant, the Wilcoxon signed test was performed for the concerned variable to determine which periods differed significantly.
Intra-household food distribution
The energy and protein intakes provided by the principal meals eaten at home were expressed as a ratio of the individual requirements [24] . Requirements were calculated according to WHO/FAD recommendations [24] . The basal metabolic rate (BMR) was calculated with equations using body weight, and energy requirements were calculated as 2.10 x BMR for men and 1.82 x BMR for women in the pre-harvest season and 1.78 x BMR for men and 1.64 x BMR for women in the intermediate season. The protein needs of adults were estimated as 0.75 g/kg/day. A correction was made for lactating women (there were no pregnant women in this sub-group) of +480 kcal per day and +13 g of protein per day.
For the children, no individual data on body weight were available, but average body weight was calculated using the data set of the longitudinal anthropometry study [18] for the two periods, and energy requirements and safe levels of protein intake were calculated accordingly (table 1) .
The adequacy of fulfilment of requirements was compared between seasons using Student's paired t-test. For each season, requirement fulfilments were compared between groups using one-way analysis of variance. Seasonal changes in requirement fulfilment among men, women, and children were also compared by one-way analysis of variance. 
Results
Women's food consumption
The women's total energy intake ranged between 2,604 and 3,010 kcal, and their total protein intake between 73 and 84 g (table 2 ). The contributions of the different food groups are shown in table 3. Cereals and tubers were the mainstays of the diet, providing 52%-65% of the total energy intake and 46%-57% of the total protein intake; their highest contributions were during the harvest season and the lowest during the pre-harvest season.
Pulses made the second highest contributions, supplying 11%-20% of energy and 18%-34% of protein intake, with the higher values in the pre-harvest season. Fats and oils contributed only 5%-10% to total energy intake, about the same as provided by local sorghum beer. The contributions of vegetables and fruits, meat or fish, and condiments were negligible. Locust-pod flour, a tree crop from Parkia biglobosa, is eaten in periods of food shortage, but its contribution was also negligible (1%).
Of the different sources of foods, the highest proportion came from the household's own production, that is, stock and field contributions (table 4). About 53%-65% of energy and 55%-70% of protein intake was provided by own stocks, and another 2%-11% of energy intake came directly from the field. The contributions of own production were highest in the harvest and intermediate periods. Foods gathered in the bush provided 6%-9% of energy intake but only 1%-2% of protein intake. Foods received as gifts made their highest contribution in the pre-harvest season (15%-20% of energy, 14%-21% of protein) and a somewhat lower contribution in the other two seasons (13% of energy, 12% of protein). Purchased foods were more important in the 1991 seasons (providing 11%-12% of energy and 12%-14% of protein) than in the 1990 seasons (5%-7% and 8%-9% respectively for energy and protein). 
Intra-household food distribution
The total energy intake provided by the meals served at home was 1,902-2,048 kcal for men, 1,854-1,755 kcal for women, and 887-1,036 kcal for children 2-5 years old (table 5) . Comparison of the fulfilment of energy requirements did not show a significant difference between the two seasons for any group; however, there seemed to be a trend for the adequacy of fulfilment to decrease for the adults during the pre-harvest season but to increase for the children. The level of fulfilment for the children was significantly higher than for the men in August.
No differences were found in the contributions of the different food groups to total energy intake among men, women, and children (table 6) . Cereals supplied the largest part (about 80% in April, about 67% in August). Pulses came next, contributing 9% in April and about 14% for the adults and 20% for the children in August. Tubers did not contribute in April, but contributed about 6% to the energy intake of the adults in August. The children got only 2% of their energy from tubers. The contribution of fats and oils was low: about 4% in April and about 7% in August. Meat or fish, vegetables and fruits, nuts, and condiments did not contribute more than 1%-3% per group. Protein intake in April and August ranged from 57 to 60 g for men, 55 to 51 g for women, and 27 to 32 g for children (table 5) . Requirement fulfilments exceeded 100% for men and children in both seasons; only women received their requirements, by 7%-8%. Children received significantly more in proportion to their requirement than either men or women in both seasons.
Protein intake came mostly from cereals (68%-71% in April, 59%-62% in August) and then pulses (about 16% in April, and about 25% for adults and 32% for children in August) (table 7) . The contribution of meat and fish was low (7% in April, 3%-5% in August). Vegetables, fruits, nuts, and condiments contributed little to protein intake (2% each). 
Discussion
The aim of this study was to obtain more insight into the effects of household food insecurity on individual food consumption. This was done using both qualitative and quantitative indicators [1] . Since food insecurity may not affect all household members equally, an intra-household analysis was carried out, making a quantitative and qualitative comparison between the food consumption of husbands, wives, and their 2-5-year-old children. Although the number of subjects was small, which limits any generalizations from the study, our results add important information to a topic on which data are lacking. Caution also should be used in interpreting these data because of methodological difficulties with foodconsumption studies, especially in developing countries. Bias occurs when subjects are forced to serve themselves separately, when normally they share one bowl with other family members. Subjects may change their usual dietary pattern when an observer is present. Food-composition tables contribute to errors in calculations, especially with respect to indigenous foods for which composition data are few. Observation of more than one subject at the same time, as is the case in the intra-household food-distribution survey, carries additional difficulties. Children who are used to eating from one bowl with their mother have to eat separately to be able to weigh their consumption. Children who are not participating in the study may want to eat with the participants.
The total energy intake for the study of women's food consumption was higher than that of the women measured in the intra-household food-distribution study (2,605 and 1,854 kcal respectively in April 1991; 2,633 and 1,755 kcal in August). However, the former study was concerned with total daily food intake, while the latter considered only the intake from meals eaten at home. Snacks and food eaten else-where-including beer, fruits, roasted groundnuts, and bambara groundnuts were not recorded and thus not taken into account during the intra-household study. It seems probable that 30% of the food contributing to energy intake was missed, since they were eaten outside the home. The survey on women in April 1991 showed beer contributing 10% of total energy intake, and fruits and vegetables contributing 6% more and pulses 2% more than for the women in the intrahousehold study. Since the activity patterns of men and women are different in that men spend about one and a half to two times as much time on agricultural work in the fields away from home or on travel, men seem to have more possibilities to eat outside the home. Especially in August, when they participate in work parties, where local beer is served, men are likely to get even more than 30% of their total energy intake outside the home. For children 2-5 years old this seems less likely, since they are not yet able to gather foods in the bush and are mostly carried around by their mothers.
However, the interest of this study was mainly the relative contributions of food groups and food sources, and not absolute levels of intake. Therefore, conclusions are drawn cautiously and do not regard absolute intake levels, which are indicated for comparisons between groups only.
Assumptions with regard to adequate intakes and the requirement levels of individuals were made in the introhousehold food-distribution study. Energy requirements for adults were estimated with regard to the work load for each season [24] . A study of the physical activity level in the same study population of Beninese women found an average of 1.63 x resting metabolic rate (RMR) for intermediate seasons and 1.77 x RMR for preharvest seasons [18] . These values hardly differ from the values given by the WHO [24] for moderate and heavy workloads respectively. Since no data were available on the requirements of Beninese men, the WHO values were used to estimate requirement levels for both men and women in this study. As indicated in a study on the distribution of protein and energy intakes in New Guinean households, the use at the individual level of energy requirements and safe levels of protein intake meant for groups demands careful interpretation [25] . Less attention should be paid to the degree of inequality than to its direction. Protein requirement fulfilments were over 100% and even up to 186% for children in the pro-harvest season of 1991. Although high, they were in line with other reports-for example, 135%-158% [4] and 125%-195% [15] for protein requirement fulfilments of adults and children.
Dietary changes due to seasonal food insecurity
In periods of food insecurity a shift to less preferred foods is expected. The dominant contribution of cereals to energy and protein intake as reported in this study also was mentioned by Rosetta [4] . But when cereal stocks became depleted, the first change in consumption patterns was a shift to the consumption of pulses. For children this change was even more drastic than for adults: they received an additional 11% of energy from pulses. Adults, however, during the pro-harvest season consumed more tubers, which provided 6% of their energy intake, whereas children obtained only 2% of their energy from tubers. An increase in the consumption of pulses coincided with an increase in the consumption of fats. Beans are preferably eaten with shea butter.
In periods of food stress, a change may take place not only in food groups but also in food sources. In this study, gifts and purchased foods constituted a larger part of energy and protein intake in the pre-harvest season when the household's own cereal stocks were running low. Wild foods contributed a little more to energy intake during the pro-harvest seasons than in the other seasons, but their contribution to protein was negligible. Gathered foods are mostly leafy vegetables, fruits, and shea nuts. A comparison of energy intake from wild foods between the post-harvest and the lean seasons in a rain-forest community in Ghana found that a decrease in consumption of farm products from 80% to 65% in the lean season corresponded to an increase in consumption of bush foods by 10% and gifts by 4%, and that consumption of purchased foods did not increase [7] . In Kenya, a decrease in the availability of own production was mainly compensated for by the purchase of foods and by gifts [8] .
Intra-household food distribution
The level of fulfilment of the energy requirements of the parents decreased and that of the children increased between seasons, although not significantly. Interpretation of these data is complicated by the facts that food sources differ between seasons and that it is not known how much is eaten outside the household in each season. However, the fulfilment of the requirements of the children in August, the hungry season, was significantly larger than that of the men. The growth rate in Beninese children was higher in the intermediate season and lowest in the pro-harvest period [18] . Unfortunately, growth rates in these two seasons were not compared statistically. Infectious diseases also play a role in children's growth rate [26] . The prevalence of some diseases such as malaria and gastroenteritis is highest in the rainy pro-harvest season and may counteract the effect of a privileged food distribution.
No indications were found for a difference among men, women, and children in the contribution of different food groups to energy intake. The men were not privileged in meat or fish consumption in this study, in contrast with what has been reported in same Asian studies [11, 27] . The children consumed slightly more pulses and less tubers than their parents during the pro-harvest season.
In summary, the consequences of seasonal food insecurity (i.e., shortage of cereals) for the consumption patterns of individuals in this study were in higher consumption of pulses and tubers and greater contributions of food gifts, purchased foods, and wild foods to total intake in the pro-harvest season. These dietary changes correspond to coping behaviour at the household level, as determined in another study in this population. The coping behaviour of north Beninese households with seasonal food insecurity included cultivation of early crops such as yarns, sweet potatoes, and early bean varieties; gathering of wild foods such as shea nuts, leafy vegetables, and fruits; reliance on social networks; and seasonal migration or other 8
The consequences of seasonal food income-generating activities, such as handicrafts and sale of processed foods.
This study did not provide clear evidence for sex differences in food allocation between and within seasons. The food distribution in our study families seemed to favour children over their parents during the hungry season.
